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The Counicil of Chief State School Officers (CCSSO) is a nationwide non-profit organization
of the 56 public officials who head departments of public education in every state, U.S.
Territory, and the District of Columbia. CCSSO seeks its members’ consensus on major
education issues and expresses their views to civic and professional organizations, to federal
agencies, to Congress, and to the public. Through its structure of standing and special
committees, the Council responds to a broad range of concerns about education and provides
leadership on major education issues.

Because the Council represents the chief education administrator in each state and territory, it
has access to the educational and governmental establishments in each state, and the national
influence that accompanies this unicfue position. CCSSO forms coalitions with many other
educational organizations, and is able to provide leadership for a variety of policy concerns
that affect elementary and secondary education. Thus, CCSSO members are able to act
cooperatively on matters vital to the education of America’s young people.

The State Education Assessment Center was founded by CCSSO in 1985 to provide a locus for
leadership by the states to improve the monitoring and assessment of education. This is a
report of the Assessment Center’s National Assessment Planning Project.
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The National Assessment Planning Prog)ect, conducted under the auspices of the
Council of Chief State School Officers (CCSSO), was created by a consortium of eighteen
national organizations interested in education and in exploring the feasibility of expanding the
National Assessment of Educational Progress (NAEP) in order to produce state-by-state
comparisons of student achievement.

The project is governed by a Steering Committee (Appendix A). Each member was
appointed on the recommendation of an organization in the consortium. This publication was
conveyed to the Department of Education (ED) and to the National Assessment of
Educational Progress on the review and approval of the Steering Committee. The publication,
however, does not necessarily reflect the views of each of the associations in the consortium.

The project was supported by Grant No. SPA-1549 from the National Science
Foundation (NSF) with funds partly from NSF and partrl‘y from the Department of Education
through an inter-governmenta transfer from ED to NSF. The mutual interest of the two
agencies in this project and their willingr» s to provide joint support made the project possible.

is publication, however, does not necessarily reflect the views of either agency.




TABLE OF CONTENTS

I.  INTRODUCTION Page
) Historical Perspective /Purpose 1
0 Development Process for the 1990 Mathematics Assessment 2
0 Steering Committee Policy 3
] Assessment Design Principles 3
II. MATHEMATICS ASSESSMENT
o The Framework 5
0 Weighting 6
0 Mathematical Abilities 8
0 Content Areas 9
III. ASSESSMENT EXERCISES
0 Forms of Exercises 15
0 Use of Calculators 15-
0 Sample Questions - Grade 4 16
0 Sample Questions - Grade 8 24
0 Sample Questions - Grade 12 32
APPENDIX A Steering Committee 42
APPENDIX B Mathematics Objectives Committee 44
APPENDIX C State Education Agency Consultants 45
APPENDIX D Other Consultants 47
LIST OF FIG S AND TABLES
Figure 1. Objectives Framework . 5
Figure 2. Mathematical Abilities 9
Table 1. Approximate Percentage Distribution of Exercises by
Content and Grade 7
Table 2. Approximate Percentage Distribution of Exercises by
Mathematical Abilities and Grade 7
S




I. INTRODUCTION
PURPOSE/HISTORICAL PERSPECTIVE

For almost twenty years, student achievement in the United States has been measured
by the National Assessment of Educational Progress (NAEP) reported in recent years as "The
Nation’s Report Card." Based on a sample size of 25,000 students at each of three grade levels,
it has provided the only data that reflect in a comprehensive way what students in the U.S.
know and can do in various subject areas. It has provided descriptive information about
student strer:gths and weaknesses in basic and higher order skills; it has provided data
comparing groups of students by race and ethnicity, gender, type-of community and region; it
has provided trend data reflecting the ups and downs of performance over the years; it has
reported correlations between achievement and some student experience variables.

In 1990, a large number of states will be able to participate in a state-level assessment
that will provide "state report cards" which will make state-by-state or state-to-nation
comparisons of student achievement in mathematics. Interest in state-level comparisons is
rising in many quarters. In 1984, a majority of CCSSO members supported the development of
a system of student assessment that would provide state comparisons, and in 1985, the
members endorsed the expansion of NAEP as the most feasible vehicle. During the 1986
national assessment, two individual states, Wyoming and Georgia, contracted with NAEP to
conduct an in-state concurrent assessment and provide state-to-nation comparisons. Also in
1936, and 1987, groups of southern states, in a project coordinated by the Southern Region
Education Board, contracted with NAEP to conduct an 2ssessment in mathematics an
provide a report comparing achievement among those states. Some of the rising interest can be
attributed to governors. The 1987 report from the National Governors’ Association, called
Results in Education, presented a number of education comparison indicators and displayed a
blank column for achievement, clearly expressing the intent to fill in that column in future
%ears with achievement data. In a 1987 re%ort, a national group appointed by the Secretary of

ducation, William Bennett, and chaired by the former governor of Tennessee, Lamar
Alexander, made a series of recommendations on the future of NAEP. A major one was that
NAEP should be expanded to provide state-by-state comparisons.

This rising interest is not without its critics. Scme worry that Federal, state and local
policymakers may misuse the data, drawing inappropriate inferences and unwarranted cause
and effect relationships. Some fear that the test wﬂF be very influential, and that such
influence will foster a national curriculum. Still others fear that the compromises made on test
objectives will result in an assessment that measures the least common denominator and
discourages badly needed curriculum reform.

Providing a general design for a national assessment that would not only be constructive
but also minimize potential disadvantages is the purpose of this National Assessment Planning
Project. ngayro'ect is to make recommendations that answer questions of major interest to
state and 1 educators and policymakers, who at some time prior to 1990, will be asked
whether they want a report card for their state. They will likely want to know what educational
content topics the assessment will measure so they can determine whether those content topics
are more or less compatible with what the schools in their states are trying to teach. This
report attempts to answer that question by describing what mathematical abilities and content
topics the 1990 Naticnal Assessment in Mathematics will measure.

ERIC 6




DEVELOPMENT PROCESS FCR THE 1990 MATHEMATICS ASSESSMENT

/

This report contains the educational mathematical abilities and content topics for the
1990 national assessment in mathematics. In part, the development process which resulted in
this report was patterned after the consensus process that evolved over the years in plannin
prior national assessments in response to the language in Public Law 98-511, Section 405 (
authorizing NAEP. It requires that "each learning area assessment shall have goal statements
devised through a national consensus approach, providing for active participation of teachers,
curriculum specialists, subject matter specialists, local school administrators, parents and
members of the general public." In addition, however, this report was developed on the
premise that the 1990 assessment in mathematics will provide state-by-state comparisons of
student achievement. Because state report cards, as well as "The Nation’s Report Card," will
result from this assessment, the process was e)épanded considerably beyond recent practice to
ensure that careful attention was given to the formal mathematics objectives of states and a
sampling of local districts, and to the opinions of practitioners at the state and local levels of
what should be assessed.

‘ The process, carried out between August 1987 and March 1988, had the following
eatures:

A Steering Committee with members recommended by each of the 18 national
organizations representing policymakers, practitioners and citizens met, modified
and approved the overall plan of work (Appendix A).

A Mathematics Objectives Committee was created to draft the report. Its
membership consisted of a teacher, a local school administrator, state mathematics
education specialists, mathematicians, parents and citizens (Appendix B). It met
once for preliminary planning to consider and determine what information it would
need prior to its major work session in December. For its review and consideration,
the committee was provided the following:

o  Math 1985-86 Assessment Objectives (NAEP Booklet).
o  Curriculum and Evalyation Standards for School Mathematics (NCTM Draft).

o  Content analyses of state and local mathematics guides.

0  Suggestions solicited from state mathematics specialists.

0  Report on "Issues in the Field" based on telephone interviews with leading
mathematics educators.

. 0 Draft framework provided by a subcommittee.

gra December meeting, the Mathematics Objectives Committee revised the sub-
committee’s draft. In subsequent weeks, the draft report was edited for form, sample questions
were added and a copy was mailed to each state department of education mathematics
specialist in the fifty states. These individual specialists were requested to convene a
committee of state and local people (Appendix C). Those committees reviewed the draft
report and returned comments and suggestions to the project staff. A cogy of the draft report
was also sent to and comments receivegg from twenty-ﬁgfe mathematics educators and

mathematics scholars (Appendix D). The reactions were given to the Mathematics Objectives
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Committee which met a third time in late February. Modifications were made in response to
the comments and the final draft report was reviewed, modified and approved by the Steering
Committee in mid-March.

STEERING COMMITTEE POLICY

At its initial meeting in March, the Project’s Steering Committee adopted a policy
sta]tement on the purpose of state comparisons and the conditions that should be met as
follows:

The purpose of State Level Student Achievement Comparison is to provide data on
student performance to assist policymaxers and educators to work toward the

improvement of education. Such data can be useful by encouragmg and contributing to
a discussion of the quality of education and the conditions that determine it.

State-comparative achievement data are useful if they:

o] Represent perforinance on a consensus of what is important to learn;

0 Use sound testing and psychometric practices;

o] Use procedures that minimize intrusion into instructional time;

0 Take into account different circumstances and needs that the states face; and

0 Are associated with features of the school systems that can be improved by
policymakers and educators.

ASSESSMENT DESIGN PRINCIPLES

Several major "design principles” emerged during the discussions of the Mathematics
Objectives Committee andgllnlecame the basis for making decisions. One is that a national
assessment that will provide state-level comparisons must be comprehensive or inclusive in the
scope of its mathematical abilities and content topics. The design of an assessment that
produces state report cards must not be a "least common denominator” of only that which is in
the objectives of all the states and thereby discourage desirable curriculum development. Nor
is it a "least common denominator” of individual student preparation; therefore the assessment
includes some items at the grade 12 level appropriate only for college-bound students. It must
allay the fear that the assessment might be used to steer instruction toward one particular
gedagogical or philosophical viewpoint to the exclusion of other viewpoints that are widely

eld. A national assessment cannot measure everything. It car embrace different views when
they are prominent. The content topics of the assessment need to be inclusive of the
curriculum areas of the various states, inclusive of what various scholars, practitioners, and
interested citizens believe should be in the curriculum, and inclusive of some of the objectives
that were tested in previous assessments so trend data can be provided.

It is appropriate to acknowledge that as efforts were made to produce an inclusive set
of content topics, major attention was given to three frames of reference. One was the
objectives of the states as reflected through several analyses of state mathematics curriculum
guides and through the-recommendations of state department of education mathematics
specialists and the state committees they convened to react to a draft document. A second
frame of reference was the recently issued draft of the Curricylum and Evaluation Standards
for School Mathematics developed by the National Council of Teachers of Mathematics.

. Produced through intensive work by many leading mathematics educators in the United States,

8
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it is a significant statement on what mathematics should be taught in the schools. The third
major frame of reference was the set of objectives on which the 1986 NAEP in mathematics
was based.

A second design principle was that the overall outline or matrix needed to be relatively
simple. Complexity could be reflected through definitions and through specific topics in
conient areas. The 1986 NAEP in mathematics had seven content and five process areas for a
matrix of thirty-five cells. Its complexity mitigated against easy understanding. In addition, the -
weighting assigned to various cells resulted in too few exercises in some of the cells to provide
reliable measure of student know!edge and skills.

A third design principle, addressed to those who wrote and field tested the exercises,
was that the content areas and mathematical ability categories are not discrete, or mutually
exclusive. In application, one mathematical ability is integrated with another mathematical
ability and one content area is integrated with another content area. The application of
mathematics is far more holistic than a matrix implies. Of necessity, some items will be multi-
dimensional; by intent, some items should be multi-dimensional and designed to cut across
content columns.




MATHEMATICS ASSESSMENT

THE FRAMEWORK

The mathematics assessment framework is organized by mathematical abilities and
content areas. The mathematical abilities assessed are:

Conceptual Understanding
Procedural Knowledge
Problem Solving

. _Content is primarily from elementary and secondary school mathematics up to but not
including calculus. The mathematics content areas assessed are:

Numbers and Operations

Measurement

Geometry

Data Analysis, Statistics, and Probability

Algebrz and Functions

Framework for the Fifth Assessment

CONTENT AREAS
Numbers Measurement Geomatry Data Anslysis Algsbra
4 Statistics & &
9 Operations Prodabdility Punctions
g Conceptusl
5 Understanding
§ Procedurel
g Kaowiedge
é Problem
i Solving
Figure 1.

.. The framework for the Fifth Mathematics Assessment is given by the matrix in Figure |,
which shows the relationship between the three mathematical abilities and the five content
areas. The weighting and detailed descriptions of the individual mathematical abilities and

content areas are given later in this document.




WEIGHTING

The percentage of items in an assessment that address the various mathematical
abilities and content areas is an important feature of assessment design because such
“weiﬁhting" reflects the importance or value assigned to each area for the different grade
levels. Over the four previous mathematics assessments, the percentage distribution of items
in each area has changed. The apK;oximate ercentage distribution of items for the 1990
assessment also reflects changes. More emphasis is given to probiem solving and less to
glrocedural knowledge. More emphasis is given to geometry, data analysis, and algebra and

nctions, and less to numbers and operations. While numbers and operations is to continue
to be the most heavily "weighted" content area for grades 4 and 8, numbers and operations has
been reglaced by algebra and functions as the area with the highest percentage of items for
grade 12 in the 1990 assessment. The agproximate percentage distribution of exercises by
mathematical abilities, content and grade is in the following tabies.

It is important to remember this weiﬁhting while reading the individual content area
descriptions. Although these descriptions all have similar lengths and approximately the same
number of sample questions are given for each area, on any test there maybe many more
questions in one area than in another. For example, at grade 12 there would be almost four
times as many items classified "algebra and functions" as "measurement.”




TABLE 1: PERCENTAGE DISTRIBUTION OF EXERCISES
BY GRADE AND MATHEMATICAL ABILITIES

Mathematiéal Abilities Grade 4 Grade 8 Grade 12

-&ceptual I.Jrnderstandjng - 40 B 40 IR 40
Procedural Knowledge 30 30 30
Problem Solving 30 30 30

TABLE 2: PERCENTAGE DISTRIBUTION OF EXERCISES

BY GRADE AND CONTENT AREA
Content Grade 4 Grade 8 Grade 12
:-;Iumbers and Operations 45 30 10
B. Measurement 20 15 10
C. Geometry 15 20 25

D. Data Analysis, Statistics &

Probability 10 15 20
E. Algebra & Functions 10 20 35
12




MATHEMATICAL ABILITIES

Most aspects of students’ mathematical abilities can be classified into three categories:
concegtual understanding, procedural knowledge, and problem solvin% (see Figure 2). This
classification is not meant to be hierarchical; questions within any of the three categories may
be complex or relatively simple. Problem solving is an interaction of conceptual knowledge
and procedural skills at a S;iven level, but a complex problem at one grade level could well be
considered conceptual understanding or procedural knowledge for a different level. The same
concept or skill can be tested in a variety of different representations, with or without tables,
pictures, verbal descriptions, or other cues. The context of a question thus determines its
category area in subtle ways.

CONCEPTUAL UNDERSTANDING

Students demonstrate conceptual understanding in mathematics when they provide
evidence of their ability to label ang define conceg)ts; recognize and generate examples and
counter examples; use models, diagrams and symbols to represent concepts; translate from one
mode of representation to another; compare, contrast and integrate related concepts; interpret
assumptions and relationships and communicate the meanings of these concepts tc others.
Conceptual understanding is essential to performing procedures in a meaningful way and to
applying them to the solutions of problems.

PROCEDURAL KNOWLEDGE

Students demonstrate procedural knowledge in mathematics when they provide
evidence of their ability to select the appropriate procedure and apply it correctly, verify
results, give reasons for steps in a procedure, and extend or modify a given procedure to meet
special needs. Procedural knowledge includes the many algorithms in mathematics that have
been created or generated as tools to meet specific needs in an efficient manner. Fora given
procedure it also involves understanding the logic in the sequence of the steps, purpose, scope
of applicability and its relation to other procedures. It requires that students know the signs,
symbols, and terms commonly used with respect to a particular content domain and to the
rules of operation commonly used to manipulate those symbols.

PROBLEM SOLVING

In problem solving, students are required to utilize their reasoning and analytic skills
when they encounter new or unexpected situations. Students demonstrzte an ability to use
mathematical knowledge for problem solving when they can recognize and solve problems by
identifying the key features and questions in a given situatio; solve problems by selecting and
using appropriate strategies, models and relevant mathematics; and verify and generalize
solutions to solve a problem for which they do not have a simple procedural algorithm.
Problem solving involves selecting a{)propriate strategies and applying conceptual
understanding and procedural knowledge to produce an answer.




Mathematical Abilities

CONTENT AREAS

It is necessary to assess students’ mathematical abilities in each content area. However,
classification into the content area cannot be exact and it inevitably involves some overlap.
For example, Discrete Mathematics, which was a separate content area on previous NAEP
objective descn;f)tions, has topics appearing under both "Data Analysis, Statistics and
Probability" and "Algebra and Functions." Individual questions will cut across content areas.
Context can also determine content area; a question asking for the area of some geometric
figure can be considered "Measurement" as easily as "Geometry,” depending on tﬁe
representation of the problem.

Even the classification into grade levels has some latitude. Mathematics is vertically
structured; a grade 12 question can draw on grade 4 skills. In addition, some items may even
appear on more than one grade level test. For example, there could be a question that may be
answered correctly by 20% of the grade 4 population and 50% of the grade 8 population. Such

content area questions are important for analyzing trends in the development of students’
mathematical abilities.




A. NUMBERS AND OPERATIONS

computations, use of calculators, generalization of numerical patterns
results are assessed.

TOPICS
1 Relate counting, grouping, and place value.
2. Represent numbers and operations using models,

diagrams, and symbols.

3. Read, write, rename, and compare whole numbers,
decimals, fractions.

4, Compute with whole numbers.

5. Make estimates appropriate to a given
problem.

6. Verify solutions and determine the
reasonableness of a result.

7. Compute with fractions, signed numbers, decimals,
and numbers expressed in scientific notation.

8. Apply ratios, proportions, and percents in a
variety of situations.

9. Use elementary number theory including
divisibility and factorization.

This content area focuses on uaderstanding of numbers (whole numbers, fractions,
decimals, integers) and their application to the real world, as well as on computational and
estimation situations. Undersianding of numerical relatiouships as expressed in ratios,
proportions and percents is also emphasized. Students’ abilities in estimation, mental

, and verification of

GRADES

4 8 12
e o oo
e o o
e o o
e o o
e o o
e o o
e o
o
e o




B. MEASUREMENT

This content area focuses on the ability of students to describe real world objects using
numbers. Studenfs will identify attributes, select appropriate units, and apFIl))’ measures to
communicate ideas so that they are understandable to others. Studems will be required to
read instruments with emphasis on precision and accuracy using metric, customary or non-
standard units. Estimates, measurements, and applications of measurements of length, time,
money, temperature, mass/weight, area, volume, capacity, and angles are included.

TOPICS GRADES
4 12

1. Compare objects with respect to a given attribute. | e o o
2. Select and use appropriate measurement instruments. e o o
3. Select and use appropriate units of measurement. e o o
4, Determine perimeter, area, volume, and surface area. e o oo
5. Estimate the size of an object or of a measurement. ® o o
6. Apply common measurement formulas. o o
7. Convert from one measurement to another within the same

system. o o
8. Determine precision, accuracy, and error of measurement. o o
9. Make and read scale drawings. e o

Y
o
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C. GEOMETRY

This content area focuses on geometric knowledge, relationships, and skills which are
important at all Tevels of school*ng as well as in the real world. Students need to be able to
model and visualize geometric figures in one, two, and three dimensions as well as
communicate geometric ideas.

TOPICS GRADES
4 8 12

1 Describe, compare, and classify geometric figures. o o o
2. Given descriptive information, visualize, draw and

construct geometric figures. e o o
3. Investigate and dpredict results of combining,

subdividing, and changing shapes. e o o
4, Identify the relaﬁon§Mp between a figure and its

image under transformation. e o o
5. Describe the intersection of two or more geometric

figures. o o
6. Classify figures in terms of congruence and similarity

and apply these relationships. e o
7. Appl{ geometric properties and relationships

in solving problems. e o
8. Establish relationships involving geometric

concepts. e o
g Represent dgeometric figures and properties algebraically

using coordinates and vectors. ®
10.  Represent problem situations with geometric models and

apply properties of figures. °

17
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D. DATA ANALYSIS, STATISTICS, AND PROBABILITY

This content area focuses on the importance of data analysis and the representation of
data across all disciplines, and reflects the prevalence of these activities in our society.
Statistical knowledge and the ability to interpret data are necessary qualities for students to
possess in the contemporary world.

TOPICS
4

1. Read, interpret and make predictions using
tables and graphs. °

2. Organize and display data and make inferences. °

3. Determine the probatutity of a simple event. °

4, Compute measures of central tendency and dispersion.

5. Recognize sampling, randomness, and bias in data
collection.

6. Recognize the use and misuse of statistics in our society.

7. Estimate probabilities by use of simulations.

8. Design a statistical experiment to study a problem and
communicate the outcomes.

9. Use formulas for combinations, permutations, and other
counting techniques to determine the number of ways an
event(s) can occur.

10.  Fit aline or curve to a set of data and use this line
or curve to make predictions about the data.

11.  Apply the basic concepts of probability, including

independent/dependent events, simple/compound events, and
conditional probability.

Use measures of central tendency, correlation, dispersion,

and shapes of distributions to describe statistical
relationships.

13
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E. ALGEBRA AND FUNCTIONS

This content area is broad in scope, covering a significant portion of the 9-12 curriculum
including algebta, elementary functions (pre-calculus), trigonometry, and some topics from
discrete mathematics. At the K-4 and 5- grade levels, algebraic and function concepts are
treated in more informal, explorative ways. This area includes not only manipulative facility
but also an emphasis on conceptual understanding, on algebra as a means of representation,
and on algebraic processix;ias a problem-solving tool. Functions are viewed not only in terms

of algebraic formulas but also in terms of verbal descriptions, tables of values, and graphs.
TOPICS GRADES
4 8 12

L Describe, extend, and create a wide variety of patterns

and functional relationships. e o oo
2. Represent functions and relations by number sentences,

equations, tables, and graphs. e o oo
3. Use number lines and rectangular coordinate systems. e o o
4, Solve linear equations and inequz, “ies e 3 o
5. Perform algebraic operations with real numbers

and algebraic expressions. * o
6. Represent functions and relations by graphs, variables,

algebraic expressions, and equations. o o
7. Solve systems of equations and inequaiities algebraically

and graphically. o o
8. Refresen%oblem situations with discrete structures

including finite aphs, matrices, sequences, series

and recursive relations, °
9. Solve polynomial equations with real and complex roots

algebraically and graphically. )
10. Apf)ly function notation and terminology

including domain, range, composition, and inverse. °
1L Comg‘are and apply the numerical, algebraic, and

graphical properties of various kinds of functions:

absolute value, linear, polynomial, exponential,

logarithmic, and trigonometric, o
12,  Apply trigonometric concepts including circular

functions, radian measure, and fundamental identities,

and apply trigonometry to the solution of geometric

problems involving triangles and the modeling of periodic

real-world phenomena. o

13
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III. ASSESSMENT EXERCISES

FORMS OF EXERCISES

There will be open-ended questions to expand the types of problems or exercises

presented to students beyond that which is possible with multiple-choice or other closed-ended

uestions. It is also intended, with a few selected questions, to provide insights into the

ifferent ways in which students think about mathematics in responding to a question. In
addition to providing an answer, students will sometimes be asked to write (in their booklets)
the calculations or procedures they used to arrive at an answer. Although time consuming to
analyze, suck descriptions can provide a better understanding of the ways in which students
reach correct and incorrect answers.

USE OF CALCULATORS

The use of the calculator has been included in the National Assessment of Education
Progress since the second mathematics assessment conducted in 1977-78. The calculator is a
tool used by nearly everyone in numerical computations. Mathematics assessment must reflect
the use of caiculators in the classroom, society, engineering and business. ]

In the 1990 assessment, all fourth grade students tecsied will have the use of a four-
function calculator and all eighth and twelfth grade students will have the use of a scientific
calculator. NAEP will ensure that the calculators used by the students are the same or
comparable in design and function. Calculators are allowed on a significant portion of the test
and will be necessary on some items. On another portion of the test, calculators will not be ‘
allowed in order to assess estimation, mental arithmetic, and pencil-and-paper abilities and in \
order to maintain trend analyses into previous NAEP assessments. NAEP will ensure that all |
students assessed will be provided an orientation in the use of the calculators provided. |

At all grade levels, items allowing calculators will assess not only the correct usage of a
calculator but also the ability to choose the appropriate computational method (calculator,
paper-and-pencil, or mental arithmetic and estimation).

SAMPLE QUESTIONS

The following are samples of questions classified by mathematical abilities, content
areas, and grade levels. These samples in no way represent the full range of mathematical
abilities and content arcas. In addition, the classifications cannot be exact, and there will
inevitably be differences of otginion especially as to the mathematical abilities categories. It
should also be remembered that a question classified at one grade level may be appropriate
for use at another grade level; however, the mathematical abilities classification may change.




1. 88
(A)
(3)
(C)
(D)
Contant:
Abilicy:
Answar:

NAEP - 1990 ASSESSMENT OF MATHEMATICS
GRADE FOUR SAMPLE QUESTIONS (1-14)

+ 112 + 6 =

196
206
260
1,592

Nuzbers and Operations
Procedural Knowledge
B

2. Shade % of the rectangle shown below.

Content;
Abilicy:
Answer:

Nuabers and Operations
Conceptual Understanding

The figure shown belov is one possible selution.




o
Wy

3. The prices for crayons and glue are shown sbove. Kacie has §2.50.
1f Katie buys 3 boxes of crayons, what is the greatest nuaber of
Jars of glue she can buy vith cthe rest of her money?

d

Content: Nuabers and Operations
Ability: Problea Solving
Ansver: Two

4. Which of cthe folloving units would be best for Deasuring che
length of a pencil?
(A) Inches
(B) Feet
(C) Yards
(D) Miles
Content: Measureaent

Abilicy: Conceptual Understanding
Angver: A .

[P SV, [O R TS PSP




(A)
(8)
(€)
(D)

Content:
Abilicy:
Answer:

Content:
Abilicy:
Answer:

Note:

Centimescrs

3
Cenumeters

4

5. What i{s the area of the shaded figure shown above?

8 square centizeters
10 square centimeters
12 square centimeters
24 square centimeters

Measuremant
Problea Solving
)

Ruler will be provided

6. Using the ruler you have been given, find the distance, in
cenciaeters, around che figure shown above. -

Msasurement
Procedural Knowledge
20 centimeters

| 8}




1.

A dog walks on a path that i{s always 20 feet from a pole. Which
of the following could be a drawing of the path?

(A)

®)

©

Pole

®)

[ ]
Pole

Concent: Geometry
Abilicty: Problem Solving
Answer: A

8.

In the space below draw a circle inside a triangle.

Concent: Geometry "~
Ability: Conceptual Understanding
Answver: The figure shown below is one possible solution

o~ N

19




9. Vhen the arrow shown above is spun, what are the chances that the
arrow will stop on a region labeled with the lecter D?

Content: Daca Analysis, Statistics, and Probabilicy

Process: Problem Solving
Answer: J out of 8

Question 10 refers to the following graph.

HOURLY TEMPERATURES

Tempenuture in °Celius

0 : : : -
8:00 1000 1200 2:00 4:00
Time

10. According to the graph shown above, at what time was thae
Cezperature the highest?

(A)  8:00
(B8) 12:00
(€Y 2:00
(D) &4:00

Content: Data Analysis, Statistics, and Probability
Ability: Conceptual Understanding
Answver: ¢

25

20




[ and
[and
"

Club 1 hae 250 mamhars, Cluh 2 has 178 zezbers, Club 3 has
100 members, and Club & has 275 members. On the grid below,
fill in a bar graph that shows che membership of the clubs.

MEMBERSHIP IN FOUR CLUBS

|
|
X |
|
|

Nuinbder of Membersz
o
o

Club! Club2 Clubd Clubd

b

Contenct: Data Analysis, Stacistics, and Probabilicy
Abilicy: Procedural Knowledge
Ansver:

MEMBERSHIP IN FOUR CLUBS

Nuanier of Members
a
o

]

26
21




-..4+7¢282+D

2. Which number, vhen placed in the box shown above, will make the
nuzder sentenca true?

A 9
(3) 11
) (€) 13
(D) 15

Content: Algebra and Functions
Abilicy: Conceptual Understanding
Answer: B

13. On che number line shown above, point P i{s located at what number?

W 13
® 23
© 33
@ 4

Content: Algebra and Functions
Ability: Procsdural Knowledge
Answer: A '




1l4. On the first day Joe reads 1l page of a book, on the second day he
reads two piges, on the third day he reads 4 pages, and on the
fourch day he reads 7 pages. If Joe continues to read the Lsok

following chis pattern, how many pages will he read on the sixch
day?

Content: Algebra and Functions
Abilicy: Problem Solving
Answer: 16 pages

END OF GRADE FOUR SAMPLE QUESTIONS.
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NAEP 1990 ASSESSMENT OF MATHEMATICS
GRADE EIGHT - SAMPLE QUESTIONS (1-15)

1. Which is the closest to 7.82 x 5.097

A 04
2 4
(€) &0
(&) 400

Content: Numbers and Operations
Abilicy: Procedural Knowledge
Answver: C

2. 1f 20 percent of the marbles in one bag are red and 30 percent of the
marbles in another bag are red, whac pezcent of cthe total number of
marbles in both bags are red?

(A) 0%
(8) 25%
(C) sS0%

(D) It cannot be detsrmined from the information given.

Content: Numbers and Opezations

Ability: Conceptual Understanding
Answer: D

23

24




3. A schedule of class perinds is to be prepared for Pinecrest High School.

The school day will begin at 3:30 a.a. and end at 2:30 p.a.

There will

be 6§ class periods, &ll of the saze length, and a lunch period chat is

30 to 60 minutes long.
from one class %o the next or to move to or froa lunch.

Ten ainuces will be allowed for students to move
Preparc in the

spacs belov a schedule of times for the school duy that meets all
requiremcncs given above.

Content: Numbers and Cperations

Abilicy: Problez Solving

Ansver: The schedule shown btelow is one possible solution.

Period
Firsc
Second
Third
LUNCH
Fourth
Fifch

Sixcth

School

Dav Schedule

o

8:30
9:25
10:20
11:15
11:55
12:50
1:45

Time

-

9:15
10:10
11:05
11:45
12:40

1:35

2:30




4. The average height of cthe girls in a certain eighth grade class
could be  °
(A) 60 centimeters
(B) 160 centizecers
(C) 300 centimeters
(D) SO0 centimezers
Content: Measurement

Ability: Conceptual Understanding
Answer: B

*

(&)

5. The figure above shovs a piece of construction paper. If the
unshaded portion of the paper is renoved, the area of the
Temaining shaded portion will be how many times as large as the
area of the portion removed?

) 2
(3) 3
c 4
(D) 6

Content: Measurement

Ability: Problea Solving
Angver: B




6. If esch edge of a cube has length 5 :encimeters, whact is {
in cubic centizecers?

ts volume

(A) 15
(3) 25
(€) 125
(D) 130

Content: Measureaent
Ability: Procedural Knowledge
Ansver: c

is 180°. Use this fact to find the sua of the degree measuzes of
the interior angles in the f xure shown below.

_

|
|
{ 7. The sum of the degree measures of the interior anglss of a criangle
E
|
|

Content: Geometrry |
Process: Problem Solving |
Ansver:  540°, since the figure can be sub-divided T
into three triangles as illustrated below. l

|




8. In che figure shown above, AB is a line segment. What {s che value

of x?

(A) 125
(8) 115
(C) 45
M| 35

Content: Geozecry
Abilicy: Procedural Knowledge
Ansver: A )

9. 1f che ctriangle above is reflected chrough the dotted line, which of

the following shows the reflection of the triangle?

© i D)

N

Content: Geomstry
- Abilicy: Conceptual Undsrstanding
Answer: ¢ 3

28




10. What {s the averige (arithmetic mean) of 4, 8, 12, and 207

Content: Data Analysis, Statistics, and Probabilicy
Ability: Procedural Knowladge
Ansver: 1l

Question 1l refers to the following infarmacion.

Tax Rates for Country X,
If your taxabie income is
over butnotover the taxis
0 $2%0 3% of net taxable income
$2.000 $30 9 $60 + 4% of amount over $2.000
$4.000 $6.000 $140 + 5% of amount over $4,000
$6.000 $10.000 §240 + 6% of amount over $6.000
$10.000 $480 + 7% of amount cver $10.000

11. How much should be paid in taxes in Country X for a taxable
income of $3,0007

Content: Data Analysis, Staciscics, and Probability
Ability: Problem Solving
Answer: $100




12. Three fair coins are tossed at the same time. What is che
probabilicy chac one of the coins is & head and the other two
coins are tails?

(A)

(B)

(©)

(D)

Content:
Abilicy:

Ansver:

Wi oojr—

oof v

1
2

Data Analysis, Sctaciscics, and Probabilicy
Conceptusl Understanding
¢

13. If George has x ten dollar bills and y £ive dollar bills, which
of the following gives the total amount of aoney in dollars chat

George has?

(A) SOxy

(B) 15xy

(C) 15(x + y)

(D) 10x + Sy
Content: Algabra and Functions
Ability: Conceptual Undszgcanding
Answer: D

)
(92

30




14, If 7 + 5x = 20, then x =

Content: Algebrs and Functions
Abilicy: Procedural Knowledge

Ansver: -]-'-g- or 2.6

X iy
0 | -7
l -5
2 | -3
3 1 -1
4 |
5 3

15. If x and y are relaced as shown in the table above, write an
algebraic rule that shows the relationship becween x and y.

Content: Algebra and Funcctions
Abilicy: Probleam Solving
Ansver: y = 2x -7

END OF GRADE EIGHT SAMPLE QUESTIONS.-

36,
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NAEP 1990 ASSESSMENT OF MATHEMATICS
GRADE TWELVE - SAMPLE QUESTIONS (1-17)

1. & x 163 .
x 10 =

~n

(A) 2 x 10°°
(B) 2 x 10°¢
(€) 2 x 10¢
(D) 2 x 109

Content: Numbers and Operations
Ability: Procedural Knowledge
Angver: A

2. In a certain country, 0.4% of the population is at least 90 years
old. I# che population {s 102,840,000, then the nuzber of people
who are at least 90 years old is approximately

(A) 40,000
(8) 400,000
(C) 4,000,000
(D) 40,000,000

Content: Nunbers and Operstions

Ability: Conceptual Underseanding
Ansver: 3




3. vhen a certain number s divided by 7, the remainder is 4. What
{s che remainder when 6 times that number is divided by 7?

a) 2
(8) 3
c) 4
D s

Content: Numbers and Operations
Abilicy: Problem Solving
Answar: 3

4. A floor plan of a house that has maximum lengch of 64 feet and
vidzh of 44 feet {s to be drawn to scale on an 8-inch by 1ll-i{nch
grid. Which of *~- following scales will give che largest possible
scale drawing of cthe house on the grid?

(a) l—é inch =1 foor
¢:)) % inch = 1 foot
©) % inch =1 foot
D) % inch =1 foot

Content: Measurement

Process: Conceptual Understanding
Ansver: €

28

33




Note: Ruler will be p:ovidcd.

5. Use the ruler provided to find the area, in square centimeters,
of triangle ABC shown above.

Content: Measurezent

Abilicy: Problem Solving
Answer: 15 square centimeters

6. 1f cthe widcth and length of the rectangle shown above are 6 and 10,
vhich of the following is closest to tha circunference of the cirele?

(A) 18
(3) 27
(C) 36
(D) 60

Content: Measurement
Process: Procedural Knowledge
Ansver: A 3 3




7. What {3 che aaximum area of a rectangle with perimeter 36?

(A) 36
(3) 81
<) 324
(D) 1,296

Content: Geounetry
Ability: Problem Solving
Ansver: 3

8. In ctriangle ABC shown above, what is the degree measure of (A?

(A) 20
(B) 40
(€) 60
(D) 8C

Content: Geonmetry
Ability: Procedural Knowledge
Answver: B




Which figure could be used to prove that che following sctacement
is NOT true? '

"1f all che sides of a figure have equal lengchs,. then all of the
incerior gnslos have equal measures.”

(A) (B) © (D)

—

Content: Geometry
Abilicy: Conceptual Understanding
Answer: c

10. A local newspaper publishes a weekly comparison of the total cost
for 20 grocery icems at 7 supermarkets. Following are the costs
ar che 7 supermarkets for one week: $18.48, $17.03, $20.17,
$16.74, $19.11, $17.03, and $20.92. Which of the following is
NOT crue for chese data?

(A) The range is $4.18.
(B) The mode is $17.03.
(C) The msdian is $18.48.
(D) The arichastic mean is $17.64.
Content: Daca Analygis, Statiscics, and Probabilicy

Abilicy: Procedural Knowledge
Ansver: D




l1. Let P be the vertax of a regular 7-sided polygon. What i{s the
probabilicy thac a diagonal drawn &t random from 2 will fora a
triangle vith two sides of the polygon?

w 3
@ 2
® 32

Content: Data Analysis, Statistics, and Probabilicy
Abilicy: Problea Solving
Answer: D

12. There are 5 democrats and & republicans on a senats committee.
What {s the greatest nuamber of vays that a sub-committee can be
formed that consists of 2 democrats and 2 Tepublicans?

A 2
(3) 20
(C) 60
(D) 80

Content: Data Analysis, Scaciscics, and Probabilicy
Abilicy: Conceptual Underscanding
Angver: ¢




13. On the axes provided below
X=0 to x = 2x,

. sketch the graph of y = cos(2x) from

A Y
[oF 4 b d i =
3 3
-]

Content: Algebra and Functions

Ability: Conceptual Understanding
Angver:

N/
JN A\

1. If £f(x) = 2x2 - 1, then f(x+ )=

(A) 2x2 » 2

() 222+ 15

(€) 2x%+ 6x + 8
(D) 2x%+ 12x + 17

Content: Algebra and Functions

Ability: Procedural Knowledge
Answer: D

38




15. During the first 3 hours of 2 3,000 =ile trip, a plane is flown
at an average speed of X ailes per hour. At what average speed,
in ailes per hour, must the plane be flown for the remainder of
the distance {f the entire trip takes 2 mors hours?

(&) 1,500 - lg
1 2

®) 15650 = 3=

©) % - 1,500
2 1

Content: Algebra and Functions
Abilicy: ©Probles Solving
Answer: A

Questions 16 and 17 that follow are to Le solved wvith the aid of a
nonprograznable scientific calculactor.

16.- If xgs 20, find x rounded o the nesrest thousandth.

Content: Algebra and Funetions
Process: Procedural Knowledge
Answer: 1.946

44
39
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17.

In che figure above, {f point P i{s (6,5), find @ in radian
Deasure.

Content: Algedbra and Functions
Abilicty: Conceptual Understanding
Ansver: 0.695 radians (rounded to 3 decimal places)

END OF GRADE TWELVE SAMPLE QUESTIONS.
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